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Topical application of capsaicin to human skin pro-
duced an initial burning erythematous reaction which 
diminished over 24 hr leaving the skin unresponsive to 
histamine-induced axon reflex vasodilatation without 
altering sensitivity to pain, touch and temperature. De-
pletion of substance P from local sensory nerve termi-
nals is suggested as a possible explanation for this cap-
saicin effect. 
When human skin is injured, an area around the site of injury 
becomes erythematous due to cutaneous vasodilatation. This 
phenomenon known as "flare" or axon reflex vasodilatation, is 
dependent on the presence of intact sensory innervation to the 
area, and can be reproduced by antidromic stimulation of 
cutaneous nerves [1]. Although it has been suspected for many 
years that this axon reflex is mediated by the release of a 
vasoactive humoral substance from the sensory nerves, the 
identity of the chemical mediator(s) of this important vascular 
response has remained elusive. A large number of vasoactive 
agents have been proposed as mediators of this vasodilatation, 
including histamine [2,3], bradykinin [4], prostaglandins [5], 
dopamine [6], angiotensin [7] and adenine nucleotides and 
nucleosides [8, 9]. Recently, substance P (SP) an undecapeptide 
putative neurotransmitter released from the terminals of pri-
mary sensory neurones in the spinal cord, has been suggested 
as a posSible mediator of this vasodilatation [10]. 
While SP has been detected in some peripheral nerves and in 
the central nervous system of most vertebrate species, its ana-
tomic distribution and role in skin has not been determined. 
Capsaicin (trans-8-methyl-N-vanillyl-6-nonenamide) adminis-
tered intravenously renders sensory nerve endings in the skin 
and mucous membranes of different animal species insensitive 
to chemical pain stimuli for prolonged periods [11]. Addition-
ally, capsaicin desensitization inhibits "neurogenic inflamma-
tion" induced by antidromic stimulation of sensory nerves or 
by orthodromic stimulation of pain sensitive nerve terminals 
with irritants [12]. These capsaicin effects are believed to be 
caused by its depletion of SP in sensory nerve endings. 
In the present investigation axon reflex vasodilatation pro-
duced by intradermal introduction of histamine was assessed in 
areas of normal skin to which capsaicin had been topically 
applied. 
MATERIALS AND METHODS 
Fifteen healthy volunteers ages 18-30 yr participated in this inves-
tigation. A 0.1% solution of capsaicin in 95% ethyl alcohol was applied 
under plastic fIlm occlusion to 5 x 5 cm areas of forearm skin, and 4 
additional applications of the capsaicin solution were made to the 
treatment areas in the same manner over a 24-hr period. Within 20 min 
of the first application intense burning pain and erythema developed, 
which subsided over 2 hr. Repeated applications of the capsaicin 
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solution resulted in a gradually diminished, but similar response to 
each application. Identically sized areas of adjacent normal skin were 
treated in a similar fashion with topical applications of 95% alcohol. At 
the end of this period the capsaicin treated areas were no longer 
uncomfortable to the volunteers, no erythema was present and the 
areas appeared identical to adjacent untreated skin. Following capsaicin 
desensitization, 0.02 ml of l:lO,OOO histamine phosphate solution was 
injected intradermally at the border between capsaicin treated and 
untreated skin in some subjects, and in normal skin and the centers of 
capsaicin treated areas in other subjects. The wheal and flare reactions 
were outlined on the skin 3 min after histamine injection. These 
outlines were traced onto transparent plastic fIlm and the encompassed 
areas were measured planimetrically. 
In order to assess the integrity of the chemosensitive primary sensory 
neUJ·ones and also the responsiveness to other stimuli, the capsaicin 
treated skin was evaluated for sensation to pinprick, touch and tem-
perature changes, as well as exposed to mechanical injury by stroking 
with a wood rod and ultraviolet radiation injury by exposure to a hot 
quartz mercury vapor lamp (Hanovia #20502) for 20 min at a distance 
of25 cm. 
RESULTS 
Intradermally injected histamine evoked flare , wheal and 
itching in normal skin untreated with capsaicin, but evoked 
only wheal and itching in the areas treated with topically 
applied capsaicin. Axon reflex vasodilatation was blocked in the 
capsaicin treated areas and this was most clearly evident in 
subjects who received intradermal injections of histamine at 
the border between capsaicin treated and untreated skin (Fig 1 
& 2). The mean diameters of the wheals observed after hista-
mine injection were nearly identical in capsaicin treated and 
untreated skin (Table). However, the mean area of the sur-
rounding axon reflex vasodilatation in the vehicle treated skin 
(13.44 + 1.31 cm2 ) was significantly (P < 0.001) larger than the 
mean area of the surrounding flare in the capsaicin treated skin 
(3.00 + 2.27 cm2 ) (Table). 
Despite the inhibition of axon reflex vasodilatation by cap-
saicin, sensation to pinprick, touch and temperature remained 
intact in the capsaicin treated areas. While the treated areas 
remained responsive to mechanical injury, the axon reflex vaso·· 
dilatation secondary to such injury was not observed in the 
treated skin but was clearly visible in the surrounding untreated 
skin. Finally, not only was the capsaicin treated area sensitive 
to ultraviolet radiation induced erythema, but the erythemal 
response was greatly intensified in the capsaicin treated areas 
as compared with untreated skin. 
DISCUSSION 
In the 1960's, Jancso and co-workers, while studying "neu-
rogenic inflammation," demonstrated that capsaicin, the pun-
gent principle of hot pepper, rendered the skin of man and 
animals insensitive to various types of chemical pain stimuli 
[12]. The pain and erythema produced by such chemical irri-
tants was similarly abolished by prior denervation. These re-
sults suggested that capsaicin rendered a subpopulation of 
cutaneous nerves insensitive to chemical pain stimuli. 
Systemic pretreatment of adult rats with capsaicin renders 
them temporarily insensitive to painful chemical sensory irri-
tants, but neonatal systemic capsaicin treatment results in a 
completely irreversible impairment of the function of chemo-
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FIG 1. Absence of axon reflex flare in capsaicin treated skin. Note 
t hat single arrows indicate border between capsaicin treated and 
untreated skin. 
FIG 2. Histamine injected into untreated skin (single arrow) and 
capsaicin-treated skin (double arrow). Note absence of fl81'e in capsai-
cin treated area. 
Areas of wheal and flare in capsaicin and vehicle treated skin 
Area in em\! 
Response to Vehicle Capsaicin histamine treated treated Xci 
skjn skin 
Wheal 0.96 ± 0.19 1.02 ± 0.21 -0.06 ± 0.04 
F lare 13.44 ± 1.31 3.00 ± 2.27 10.44 ± 2.08 
sensitive sensory neurons [13]. It was also demonstrated that 
t he erythema produced by the antidromic stimulation of sen-
sory nerves could be inhibited by capsaicin [12]. These effects 
of capsaicin led to the suggestion that capsaicin interfered with 
the production, storage or release of one or more vasoactive 
" neurohumors," released under the influence of chemical stim-
ulation of chemosensitive prim81'y sensory neurones or anti-
dromic stimulation. 
Although axon reflex vasodilatation is P81-t of th~ erythema 
in many inflammatory processes, the identity of the vasoactive 
" neurohumors" which function as its chemical mediators have 
not been identified. An old explanation for this vasodilatory 
response is that it results directly from the action of acetylcho-
line released at vascular endings. However, since atropine can-
not abolish either axon reflex vasodilatation of skin vessels or 
vasodilatation in response to nerve stimulation [14], acetylcho-
line is almost certainly excluded as the neurohumoral agent 
involved. Recent evidence for SP as a transmitter of primary 
sensory neurons [15], as well as the demonstration by Jessell et 
al that parenterally administered capsaicin results in a loss of 
SP from the spinal cord terminals of primary sensory neurons 
[16,17], suggested that SP might be the elusive vasoactive 
" neurohumor" responsible for axon reflex vasodilatation. 
In the present study, capsaicin applied topically to normal 
skin over a 24-hr period produced an initially prompt and severe 
erythematous reaction which diminished with each subsequent 
application of capsaicin. This tachyphylactic response is prob-
ably similar to the phenomenon observed in individuals who 
eat hot pepper frequently and become less sensitive to its effects 
than naive individuals. More importantly, in this study topical 
pretreatment with capsaicin completely blocked histamine-in-
duced axon r eflex vasodilatation. The fact that pain, touch and 
temperature sensations remained intact in the capsaicin-treated 
areas suggest a dissociation between these sensations and che-
mosensation. The increased responsiveness of the capsaicin-
treated areas to ultraviolet-induced erythema demonstrates 
that the vasculature in such areas is still responsive to at least 
some other vasodilating influences. 
Although the inhibition of histamine-induced fl81'e by cap-
saicin suggests a role for SP as a chemical mediator of axon 
reflex vasodilatation, it remains to be directly demonstrated 
that capsaicin applied topically depletes SP from local sensory 
nerve terminals. 
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